Aim: To investigate inflammatory bowel disease (IBD) register-based subtype classifications over a patient's disease course and over time. Methods: We examined International Classification of Diseases coding in patients with !2 IBD diagnostic listings in the National Patient Register 2002Register -2014. Results: 18% of the patients changed diagnosis (17% of adults, 29% of children) during a median follow-up of 3.8 years. Of visits with diagnoses of Crohn's disease (CD) or ulcerative colitis (UC), 97% were followed by the same diagnosis, whereas 67% of visits with diagnosis IBD-unclassified (IBD-U) were followed by another IBD-U diagnosis. Patients with any diagnostic change changed mostly once (47%) or twice (31%), 39% from UC to CD, 33% from CD to UC and 30% to or from IBD-U. Using a classification algorithm based on the first two diagnoses ('incident classification'), suited for prospective cohort studies, the proportion adult patients with CD, UC, and IBD-U 2002-2014 were 29%, 62%, and 10% (43%, 45%, and 12% in children). A classification model incorporating additional information from surgeries and giving weight to the last 5 years of visits ('prevalent classification'), suited for description of a study population at end of follow-up, classified 31% of adult cases as CD, 58% as UC and 11% as IBD-U (44%, 38%, and 18% in children). Conclusions: IBD subtype changed in 18% during follow-up. The proportion with CD increased and UC decreased from definition at start to end of follow-up. IBD-U was more common in children.
Introduction
Guidelines underline the importance of a complete diagnostic workup to classify patients with inflammatory bowel disease (IBD) into Crohn's disease (CD) or ulcerative colitis (UC) in order for patients to receive the best management [1] [2] [3] [4] [5] . However, in some patients with colonic disease, the diagnosis of CD or UC cannot be clearly ascertained. For such cases, it is recommended to use the term IBD unclassified (IBD-U) [1] . The term indeterminate colitis is restricted to cases without a definitive diagnosis after complete histologic analysis of surgical specimens [1, 4, 5] .
The frequency of IBD-U is usually reported to be higher among pediatric patients compared to that of the adult population: 13 versus 6% in a meta-analysis [6] , and to be decreasing over disease course [7] . In well characterized IBD cohorts, the proportion of IBD-U has been reported to range from 1 to 20% in adults [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and from 4 to 22% in pediatric patients [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] ) (Table 1 ).
In register-based studies, the proportion of CD, UC and IBD-U varies according to the definition of IBD subtypes [34] [35] [36] [37] [38] [39] [40] [41] (Table 2 ). Some researchers have chosen only to report CD and UC [42] [43] [44] [45] . Some classification schemes have been based on the first diagnosis code assigned [43, 44] , while others have been based on the most frequent coding [34, 38, 39] . In epidemiologic studies, use of longitudinal follow up data to retrospectively classify incident cases may introduce bias. Therefore, in prospective cohort studies of the association between IBD subtype and future outcomes, the definition should be based on available data at start of follow-up. However, there is also a need for a classification of a study population during, or at end of, follow-up, based on all available information. Different IBD diagnoses might be documented during a patient's medical history; either due to a colitis that is hard to distinguish between UC or CD, or simply because of occasional incorrect coding in the records [46] . We therefore sought to examine changes in IBD Table 1 . Proportion inflammatory bowel disease unclassified (IBD-U) in well-characterized cohorts with at least 400 participants.
Author
Country Study population n (%) IBD-U/IC Children Sawczenko, 2001 UK & Ireland Incident cases 1998-1999 age <16, n ¼ 739 12% Auvin, 2005 France Incident cases 1988-1999 age <17, n ¼ 509 n¼20 (4%) Turunen, 2006 Finland Incident cases 1987-2003, age <18, n ¼ 604 n¼83 (14%) Pozler, 2006 Czech 
Methods

Setting
The Swedish health care system is tax funded and offers universal access. Prescription drugs are provided free of charge above a threshold of 2200 SEK annually (approximately 200e). Patients with IBD are typically diagnosed and treated by gastroenterologists in hospital-based outpatient facilities.
Data sources
The National Patient Register holds dates on hospital admissions since 1964, with national coverage since 1987. From 1997 and onward surgical day care procedures, and since 2001, nonprimary outpatient physician visits have been reported to the register. Visits to general practitioners (i.e., primary care in Sweden) are not included. Main and contributory diagnoses are coded according to the International Classification of Disease (Tenth Revision since 1997, ICD-10) codes and assigned by the treating physician [47] . Surgical procedures are coded according to an adapted version of the NOMESCO Classification of Surgical Procedures [48, 49] . The Total Population Register records dates of emigration and death of all residents in Sweden and is continuously updated [50] . Linkage was possible through the unique personal identity number, issued to all Swedish residents [51] .
Identification of patients
We identified a cohort of individuals based on IBD-related ICD codes from the Swedish National Patient Register from 1 January 2002 to 31 December 2014. The definition of IBD (list of ICD codes used in Supplementary Table S1 ) required two or more inpatient or nonprimary outpatient care visits for either CD, UC or K52.3 (IBD-U) [40, 41, 52] , which has a positive predictive value (PPV) of 93% (95% confidence interval, CI, 87-97) [46] . Follow-up started on the date of the first IBD diagnosis, and ended on the date of death, emigration from Sweden, or 31 December 2014, whichever came first. We restricted our analyses to patients with IBD onset on or after 1 January 2002, to allow for at least one year of wash out, during which prevalent IBD cases were captured by the outpatient register (Supplementary Figure S1 ).
Codes specific for Crohn's disease
Some ICD-codes are considered typical for CD, e.g., perianal disease and small bowel disease, and some surgeries are consequently performed in CD patients and not UC patients, e.g., perianal surgery and small bowel surgery. Earlier studies have shown that a large proportion of patients with CD later undergo surgery [53] . We investigated the occurrence of such ICD and surgical procedure codes in patients with CD, UC, and K523 ( Supplementary Table S2 ).
Statistics
We compared the ICD codes at initial diagnosis in relation to the diagnosis codes assigned at the follow up visits, and we determined the frequency and timing of each type of change in IBD subtype, as well as the number of changes per patient. We determined the number and percentage of visits where the diagnosis was the same as the starting diagnosis (the patient may have had different ICD-codes on the first two visits but both should represent CD, UC, or K52.3, respectively). We calculated the mean percentage of followup time, and the mean percentage of number of visits, at which the patient had the same diagnosis during the subsequent visit as at initial diagnosis. We also determined the longest sequence of visits where the diagnosis was the same as the initial diagnosis. We calculated the proportion of patients with ICD codes typical of CD according to Supplementary Table S2 . We then developed a classification model based on all information available at end of follow-up, and calculated the proportions of CD, UC and IBD-U at different time points during the follow-up. Out of all visits where the diagnosis assigned was different from the previous one, 39% of changes were from UC to CD, 33% from CD to UC, and all other changes were to or from K52.3/mixed diagnoses (Figure 1 ). Among the patients who had a change in subtype diagnosis coding, 47% changed diagnosis only once, 31% changed diagnosis twice. Some had 3 (8%), 4 (6%), 5 (3%), or 6 (2%) changes, and a few patients (less than 1%) had more changes, up to a maximum of 28 changes ( Figure 2 ).
For patients who had a diagnostic change at some stage or any diagnosis of K52.3 (in total n ¼ 8618), diagnoses of CD and UC were fairly stable from one visit to the next, while K52.3 or mixed diagnoses changed more frequently ( Supplementary Table S3 , Supplementary Table S4 ). Among all patients, 97% of visits with CD diagnosis were followed by another visit with CD diagnosis, and the same was true for UC. For K52.3, 67% of visits with an initial diagnosis of K52.3 were followed by K52.3.
Occurrence of ICD-codes specific for CD
Occurrence of ICD codes considered specific for CD (perianal and small bowel disease and surgery) was first investigated in patients who never changed diagnosis. In patients with only diagnostic listings of UC during follow-up around 2% had small bowel resection, 4.3% of adults and 4.6% of children had perianal surgery, and in total 6.6% of adults and 6.1% of children had any code considered typical of CD according to Supplementary Table S2 . In contrast, 28% of adults and 22% of children with only diagnostic listings of CD during follow-up had small bowel resection, 13% of adults and 17% of children had perianal surgery, and 60% of adults and 59% of children had at least one of the codes considered typical of CD. Among patients with only K52.3 listings during the study period, 11% of adults and 10% of children had small bowel resection at some time point, 13% of adults and 16% of children had perianal surgery, and 34% of adults and 36% of children had at least one code typical of CD ( Supplementary Table S5 ).
Rationale for the 'prevalent' classification
The majority of visits (67%) with a diagnosis of K52.3 were diagnosed as K52.3 the next visit. Among patients with a change of IBD subtype, most changed only once or twice, and the most common change was from UC to CD and occurred during the first 5 years of follow-up. ICD-codes considered typical of CD occurred frequently (60%) in patients with only listings of CD, rarely in patients with only listings of UC (7%), and in 34% of patients with only listings of K52.3.
Based on these findings, we developed a 'prevalent' classification, defined at end of follow-up. The steps were: Supplementary Table S2 . 5. Patients with both UC and CD diagnoses during the past 5 years of follow-up, who did not have any of the ICD-codes typical of CD, were classified as IBD-U.
When applying the different steps of the definition we observed the following: the past 5 years, were then classified as CD if they had any of the ICD codes related to CD. This step classified another 1227 (3%) patients as CD.
The 3233 (7%) patients with both UC and CD diagnoses
in the past 5 years and no ICD-codes typical of CD were classified as IBD-U.
Impact of different definitions on the proportion of IBD subtypes
We then calculated the proportion of patients with CD, UC and IBD-U, using definitions defined at start or at end of follow-up:
1. The classification based on only the first two diagnostic codes, 'incident definition' (IBD subtype at diagnosis). 2. The 'prevalent' definition (IBD subtype during follow-up), giving weight to the last 5 years of follow-up, and incorporating codes specific for CD.
'Incident' definition of IBD subtype
When the IBD subtype definition was based on the first two diagnostic listings alone, the proportion CD in adults was 29%, UC 62% and IBD-U 10%. In children, the proportion CD was 43%, UC 45%, and IBD-U 12% ( Supplementary Table S6 ). When stratifying for year of onset, the proportion IBD-U increased over time, from 6% 2002-2005 to 11% in 2006-2014 in adults, and from 9% to 14% in children, comparing the same time periods.
'Prevalent' definition of IBD subtype
Using the 'prevalent' definition, 31% of the adult patients were classified as CD, 58% as UC and 11% as IBD-U, and in children the proportion CD was 44%, UC 38% and IBD-U 18% ( Supplementary Table S7 ). The proportion IBD-U increased over time in both adults and children. The proportion of CD in adult-onset IBD thus increased from 28% to 31% from definition at start of follow-up ('incident definition') to definition at end of follow-up ('prevalent' definition). The proportion adult-onset UC decreased from 62% to 58% from start to end of follow up, and the proportion IBD-U increased from 10 to 11%. In childhood-onset IBD the pattern was similar with an increase in CD from 43% to 44%, a decrease in UC from 45% to 38%, and an increase in IBD-U from 12% to 18%.
Sensitivity analyses
As a sensitivity analysis, we investigated the proportion of patients defined as CD, UC or IBD-U by the 'prevalent' definition of IBD subtype, defined at end of follow-up, but used different lengths of look back time (1, 2, 3, 10 and 15 years, as alternative to the 5 year look back) ( Supplementary Table  S8 ). We also investigated different lengths of follow-up stratified for year of onset ( Supplementary Table S9 ). When increasing the length of time, on which the classification was based, the proportion adults classified as CD decreased slightly from 33% after 1 year of look back to 31% after 15 years of look back. The proportion adults with UC decreased from 60% using a 1 year look back period to 56% using 15 years look back, and the proportion IBD-U increased from 8% using 1 year look back to 13% using a 15-year look back. In childhood-onset IBD the proportion CD decreased from 47% to 43%, UC from 42% to 34%, and IBD-U increased from 12% to 23% when increasing the look back period from 1 to 15 years.
We also investigated a classification based on all diagnostic codes, where patients with a change between CD and UC diagnoses or K52.3 at any point were classified as IBD-U, 'any mix classification' (used in previous Swedish studies) [40, 41] . When patients with any diagnostic shift, or occurrence of K 52.3 during follow-up, were classified as IBD-U, the proportion CD in adults was 26%, UC 56% and IBD-U 18%, and in children the proportion CD was 36%, UC 34%, and IBD-U 30% ( Supplementary Table S10 ).
Discussion
In this study, we found that 18% of patients with IBD changed diagnosis at some point. Of visits with a diagnostic listing of CD or UC, 97% had the same diagnosis at the next visit, and 67% of visits with IBD-U-diagnosis were followed by another IBD-U diagnosis. Among those who changed ICDcoding, 37% changed from UC to CD, 33% from CD to UC, and 30% to or from IBD-U, and most patients changed only once or twice.
For the sub-classification of CD, UC, and IBD-U in registerbased studies, we propose two algorithms. In prospective cohort studies, where we would be interested in examining the impact of IBD on the risk of some future event, we propose that the 'incident' register-based classification should be based solely on the 2 first diagnostic listings (since definition of exposure in any prospective analysis should of course not 'look into the future'). We also propose a 'prevalent' definition for the classification of IBD subtype at end of follow-up, giving weight to diagnostic codes during the latest 5 years, while also incorporating codes specific for CD.
It is well known that some patients change IBD subtype over time. In a cohort of 739 closely followed IBD patients, Henriksen et al. [12] found a change in diagnosis in 9% of CD and UC cases after 5 years of follow-up. In the latest follow-up of the EpiCom cohort of 488 patients diagnosed at Western and Eastern European centers in 2010, 18 patients with initial diagnosis of UC or IBD-U had their diagnoses changed to CD within 24 months, and 6 patients initially diagnosed with CD received a new diagnosis of UC, i.e., 5% changed diagnosis within 2 years [54] . In our study the proportion of adult patients who changed diagnosis was similar: 59% were initially diagnosed as UC (using the 'incident classification') in 2006-2014, which decreased to 55% based on the latest 5 years of follow-up ('prevalent definition). For CD the proportion was 29% based on initial diagnosis, and 31% based on the last 5 years of follow-up during the same time period.
When the subclassification in our study was based on all available follow-up time, the proportion of adult patients with only UC listings 2002-2014 was 56%, compared to 62% UC based on the first two diagnostic listings (i.e., 6/62 ¼ 9.7% of patients initially diagnosed as UC had a diagnosis of CD or IBD-U at some point during follow-up). The proportion of patients with only CD listings was 26%, and 29% were determined as CD based on the first two diagnostic listings (i.e., 3/29 ¼ 10% of patients initially diagnosed as CD had a subsequent diagnosis of UC or IBD-U). In children the proportion with only UC listings over the entire follow-up period was lower than in adults: 34% (45% based on the first two diagnostic listings) and 36% had only CD listings (43% based on the first two diagnostic listings).
In other studies, 23-84% of patients with an initial diagnosis of IBD-U were later classified as UC or CD [9, 12, 24, [31] [32] [33] 55] . In pediatric patients, a systematic review found an increase in diagnosis of CD over time, and a decrease in IBD-U [7] . In our material, the patients with listings of K52.3 most commonly had subsequent listings of K52.3. However, they changed diagnosis more frequently than patients with UC and CD, which is a reason to classify patients with any diagnosis of K52.3 as IBD-U.
In this study, IBD-U increased over calendar period irrespective of definition (start or end of follow-up). When investigating diagnoses in older cohorts, the most obvious explanation is the lack of ICD-code for IBD-U before 1997, however, the increase continued also after 1997. Other possible explanations include increasing register coverage and continuous improvements in routines around diagnostic coding, which increases the number of diagnoses, and thus the risk of having at least one discrepant diagnosis (e.g., to have one discrepant diagnosis out of four diagnoses is less likely than to have 1 discrepant diagnosis out of 20). The diagnosis of UC or CD is based on a combination of endoscopic and histological findings, radiology and clinical assessment. It has long been known that the drugs used in IBD can change the macroscopic appearance so that UC actually looks like CD [56] . About 20% of patients with CD only have colitis [57] , and classic CD manifestations such as strictures and transmural inflammation are less common in the colon [58] . The fact that the same patient may be registered with the ICD code for UC, CD and IBD-U reflects the difficulties seen in the clinic when deciding the most probable diagnosis, as noted also in previous studies ( Table 1 and Table 2 ). It is also possible that the disease panorama actually has changed, potentially due to a change in risk factors.
According to the definition of IBD-U used in previous Swedish register-based studies, all IBD-patients would be defined as IBD-U, if there had ever been, at any point in time during the patients' history of IBD, any ambiguity regarding the most appropriate choice of diagnosis. The resulting proportion of IBD-U was consequently larger (16% in adults patients [40] ) than reported from other studies based on ICD-codes ($4% [37, 39] ) or chart reviews (2 [18, 20] to 4% [13] ). For pediatric patients, the prevalence of IBD-U in Sweden was reported to be 21% [41] , compared to a 10% proportion IBD-U in incident pediatric patients in Canada [36] and only 2% in the relatively small but well characterized and long-term followed cohort from northern Stockholm [59] . When defining all patients with diagnostic changes or K52.3 as IBD-U in our study, the proportion was 18% in adults and 30% in children during 2002-2014.
By our new 'prevalent' IBD subtype definition, the prevalence of pediatric IBD-U was 18%, which is still higher than in adults, and higher than reported in a large European cohort study at end of follow-up: 5.6% [32] . The distinction between CD and UC can at times be more challenging in pediatric populations since colonic CD is a more common [60] . In adults, UC is more common than CD, and cases of UC more often present as left-sided UC or proctitis.
Our choice to primarily classify patients who only had a mix of UC and CD according to the diagnostic listings among the visits/hospitalizations that occurred during the most recent 5 years is a modification on what has been done before [42] , however, our classification is stricter, as patients were only allowed to have CD or UC only in the past 5 years. One of the most widely used algorithms, developed by Benchimol et al. [61] was also used for comparison. This IBD definition requires at least five diagnostic codes for IBD within 4 years in adult patients, and it bases the subclassification on the majority of last nine diagnoses. Using the Benchimol classification, only 38% of the Swedish IBD population could accurately be classified (data on request). The most likely reason why the Canadian definition cannot be used in Swedish data is that our registers do not include primary care, and that there is not full coverage of endoscopies in the National Patient Register, a fact that illustrates the difficulty in defining international generic classification schemes for IBD.
Health care utilization varies between countries and different classification algorithms need to be developed and investigated for each health care system. Different registers have their strengths and weaknesses and can be used for different research questions [62] . In patients who change diagnosis the 'true' subtype varies over time. The time point at which follow-up should start in prospective studies (when IBD subtype is exposure) is most logically date of first diagnosis, but in patients who change diagnosisan alternative is to start follow-up at the date of diagnostic change and to calculate time at risk for each IBD subtype within the patient's follow-up time.
In most case-control-studies we would use the 'incident' definition, but in a study where the 'true' IBD subtype is the essential outcome, it would be possible to use the 'prevalent' IBD classification, defined at the end of follow-up. In such a study, the choice of length of look back period will depend on which exposure you want to study, and cases and controls need to have the same length of look back period. The risk of being reclassified with regard to IBD subtype will be heavily dependent on duration of follow up, as shown in Supplementary Table S8 and S9. CD-specific codes, such as CD of the small bowel, and perianal disease, have not been used before in a classification system of IBD. In other studies almost half, 47%, of patients with CD have been reported to undergo intestinal resection within 10 years of diagnosis [63] , and 33% to develop perianal disease [64] , whereas in UC, surgery rates are lower (16% after 10 years) [63] . Among the participants in this study, 60% of the adult patients and 59% of pediatric patients with CD who never changed diagnosis had one or more of the CD-specific diagnostic codes, in comparison to only 6-7% of the patients with UC. We therefore believe that CD-specific codes can be used to distinguish patients with probable CD.
A major strength of this study was the access to routinely collected nationwide data with virtually complete coverage, including surgeries. A limitation is the lack of data from primary care. However, patients with IBD in Sweden are usually handled by gastroenterologists in hospital-based outpatient clinics, and therefore it is unlikely that the addition of primary care would change our results in any major way. A Swedish study showed that only 3% of prevalent IBD patients in Stockholm had a primary care visit in 2013 with IBD as a main diagnosis [65] . The CD-specific codes used in our study do not exclude UC or IBD-U, nor do they exclude other causes for surgery than IBD. There can be reasons other than IBD for which a patient is subject to a surgical procedure, and the use of surgical codes is a source of potential misclassification. We did not validate the IBD diagnoses against other sources of information, however, the Swedish National Patient Register has a high validity with PPV's of 85-95% for most diagnoses [47] . The use of two diagnostic listings in the National Patient Register has been validated against patient charts with a PPV of 93% (95%CI: 87-97) for IBD [46] .
Conclusions
Most patients with IBD in Sweden had the same subtype over time, but 18% changed diagnoses at some point. Among those who changed, 37% changed from UC to CD, 33% from CD to UC and 30% to or from IBD-U. The proportion of patients with IBD-U was larger in children than in adults and increased over calendar years in all age groups.
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